Abstract: Synthesis of ten 3-(arylideneamino)-2-phenylquinazoline-4(3H)-ones is reported. All the compounds contained a common phenyl group at the 2-position, while the substituents on the arylideneamino group were varied. The compounds were investigated for their antimicrobial activity against both Gram-positive (Staphylococcus aureus 6571 and Bacillus subtilis) and Gram-negative bacteria (Escherichia coli K12 and Shigella dysenteriae 6) using a turbidometric assay method. It was found that the incorporation of the 3-arylideneamino substituent enhanced the anti-bacterial activity of the quinazolone system. The preliminary QSAR studies were done using some computer derived property descriptors, calculated values of partition coefficients as well as usual Hammett's sigma constants and the substituent's molar refractivity.
Introduction
Quinazolines have been frequently used in medicine because of their wide spectrum of biological activities [1] . Different quinazoline derivatives have been reported for their antibacterial, antifungal, anti-HIV [2, 3] , anthelmintic [4] , CNS depressant [5] and antitubercular [6] activities. Antitumor activities are also reported for 2,3-dihydro-2-aryl-4-quinazolinones [7, 8] . Some reports have suggested that 2-styrylquinazolin-4-ones (SQZ) [9, 10] could be effective inhibitors of tubulin polymerization. The 2,3-disubstituted quinazolones have been predicted to possess antiviral and antihypertensive activities [11] . Synthesis of vascinone, a naturally occurring bioactive alkaloid having a quinazolone system, has been reported very recently [12] . In this paper, we would like to report the synthesis of ten 3-(arylidene-amino)-2-phenylquinazoline-4(3H)-ones and their antibacterial activity. Hydrazinederived Schiff bases have potential antibacterial activity [13] . Expecting an enhancement of biological activity we have placed two potential bio-active sites, a quinazolone moiety as well as a Schiff base in our systems. The antibacterial activities of similar compounds have been reported very recently [14] . On the basis of antibacterial activities of the synthesized compounds a preliminary QSAR study was also attempted for future development of better drugs of similar structures. 
Results and Discussion

Synthesis of 3-(arylideneamino)-2-phenylquinazolin-4(3H)-ones 3a-3j.
Synthesis of the ten novel 2-phenyl, 3-substituted benzalaminoquinazolinones involved three steps: benzoylation with simultaneous cyclization, addition of hydrazine and finally condensation to form a Schiff base. Thus, anthranilic acid was treated with benzoyl chloride in the presence of pyridine to undergo cyclization forming 2-phenyl-4H-benzo [d] [1, 3] oxazin-4-one (1) , which on condensation with hydrazine hydrate yielded 3-amino-2-phenylquinazolin-4(3H)-one (2) . The syntheses of the compounds 1 and 2 have been reported by earlier authors [15] . Compound 2 was then treated with different substituted benzaldehydes in the presence of ethanol to form the corresponding 3-(arylideneamino)-2-phenylquinazolin-4(3H)-ones 3a-j. The synthetic route is summarized in Scheme 1. The synthesized compounds were identified from their elemental analyses, IR, NMR and mass spectral data. The carbon positions in 3 denoting the position/s of the substituent/s R in the 3-(arylideneamino)-group are shown in Scheme 1.
Interpretation of spectral data
Structural elucidation of all the compounds 3a-j was accomplished by the procedures mentioned above. All these compounds have 3-(arylideneamino)-2-phenylquinazolin-4(3H)-one (3j) as the basic skeletal structure, with the other compounds of the series possessing different substitution patterns on the arylidene moiety phenyl ring. The structural assignment of 3j is illustrative. The molecular formula of the compound was established from mass and elemental analyses data. The IR data suggested the presence of the amidic bond in the characteristic region of the quinazolone system. The merging of signals from aldimine (N=C-H) proton along with all other aromatic C-H protons in a small range of δ-value (δ 6.98-8.62) made the interpretation of NMR spectra difficult. To overcome this difficulty 2D spectra were recorded. Since under the experimental condition of TOCSY the magnetization is dispersed over a complete spin system by successive scalar coupling, the protons located within a three bonds distance create a set of spin systems. Thus, for compound 3j we expected to observe three sets of correlations: the quinazolone protons marked as H [5] [6] [7] [8] , the arylidene protons marked as H 2"-4" (H The selection of the most deshielded proton was also important in the peak assignment. Since the proton located at the ortho-position of the amidic group was thought to be most deshielded it was assigned as H 5 . All other related proton peaks were then assigned with respect to the position of H 5 .
As the protons at the meta and para positions of the two phenyl rings of the compound 3j showed proton shifts in a very close range of δ values, we had to record another COSY spectrum with spin. This spectrum enabled us to identify the H 2" and H 2' proton peaks. When the off diagonal peaks in the three proton 2D spectra were examined together, the H 2"-4" and H 2'-4' spin system was revealed. Better resolution on the 13 C-axis of H (δ 7.45) were assigned. After proper assignment of the entire proton spectrum, the proton carbon correlation spectrum was further analyzed to assign the eleven 13 C-H peaks. The quaternary carbon peaks were assigned intuitively with the help of 13 C-NMR spectra. In order to validate our intuition for assigning the positions of the quaternary carbon atoms we have made a comparison of such assignments for all the compounds 3a to 3j, including 1 and 2. Arbitrary colours are used to show different spin systems for interpretation of NMR spectra.
Antibacterial activity
The compounds 3d, 3e and 3j showed similar antibacterial activity towards both Gram positive bacteria (Bacillus subtilis and Staphylococcus aureus 6571), while 3b and 3f were more active against B. subtilis and 3c on S. aureus 6571. The compounds 3d and 3h showed similar antibacterial activity towards both Gram negative bacteria, Escherichia coli and Shigella dysenteriae 6 while 3c, 3i and 3j were more active against S. dysenteriae 6. Other compounds exhibited moderate to weak anti-bacterial activity towards both species. The activity results are summarized in Table 1 . Compounds 3e, and 3i were also tested for their activity against two Multiple Antibiotic Resistant (MAR) enteric bacteria [MAR calculated on 12 antibiotics, namely amikacin, ampicillin, cefotaxim, cephalexin, chloramphenicol, gentamycin, kanamycin, netilmicin, nitrofurantoin, streptomycin, tetracycline, and tobramycin], Enterobacter sp. TR04 (resistance against 11 out of 12 antibiotics tested) and Citrobacter sp. TR06 (resistance against 08 out of 12 antibiotics tested) [16] . The MIC of 3i against TR04 and TR06 was determined to be 300 and 400 µg/mL, respectively. The MIC of 3e against TR04 and TR06 was determined to be 400 and 200 µg/mL, respectively. Antibiotic resistant pathogenic bacteria are potential threat to the disease management system, therefore compounds like 3i and 3e could be explored in details and further improvement of bactericidal property of this class of compounds is under development in our laboratory.
Preliminary QSAR study.
On the basis of the different substituents used in the arylideneamino-phenyl group, a preliminary quantitative structure activity (QSAR) study was done to optimize the influence of different functional groups in the said ring contributing to the bactericidal activity of the compounds 3a-j. The values of the chosen descriptors for each of the compounds are shown in Table 2 . Among the Verloop's steric parameters, only the length parameter L and the breadth parameter B1 were considered, since the other breadth parameters B2, B3 and B4 were found to be highly correlated to B1. The correlation coefficients are shown in Table 3 . Since the quantum chemical descriptors have tremendous applicability in QSAR studies [17] we preferred to use some computer derived property descriptors in our preliminary QSAR study, which may help to choose some quantum chemically derived descriptors in future QSAR studies. Four sets of non-correlated descriptors were chosen for regression analyses. In each of the sets hydrophobic, steric and electronic descriptors were kept in common. The regression analyses were done separately for the gram-positive and gram-negative bacteria. The results are shown in Table 4 .
In equations A, B, E and F the right hand side descriptor values were derived for the substituents and the left hand side denoted the property of the whole molecule. In equations C and D the right hand side contained the ovality descriptor -a steric property of the whole molecule. The term ovality refers to the ratio of the Molecular Surface Area to the Minimum Surface Area. The significance of the ovality refers to a sphere having Minimum Surface Area equal to the Solvent-Excluded Volume of the molecule. Thus this shape descriptor illustrates the steric property of the molecule in which the contact surface as well as the volume within the contact surface is considered. The set solvent here is water. The high positive value of the intercept added to low coefficients of the dependant variables in equations A, B, E and F suggested that hydrophobicity was the major constraint in achieving very low MIC value of the substrates. This observation did not correspond to what is reported for other Schiff bases [18] wherein the authors found a positive correlation between hydrophobicity and antibacterial activity. This difference in activity in relation to hydrophobicity in quinazolone derived Schiff base(s) and the earlier reported Schiff base(s) could be due to the differences in active sites. It is clear from the nature of descriptors and the associated coefficients that the substituents at arylideneamino group influence more the binding site than the site of action. The parent compound 2, not being a Schiff base, also has demonstrated antibacterial activity. Moreover, the high constant values found in all the regression equations suggested that the action site might reside in the quinazolone moiety and not in the imine moiety. However the substituents were predicted to have a definite role in binding to the drug receptor site and the electron withdrawing groups in the metaposition of the phenyl group resulted in an increment of activity. Moreover, it was noted that all the compounds, 3a-j, showed increased activity with respect to that of the parent compound 2. It was therefore concluded that the introduction of 3-(arylideneamino) chain in the quinazolone moiety increased the anti-bacterial activity and some degree of selectivity was also attained. The standardized coefficients were used to derive the equations. All the equations are more or less good fit as apparent from the regression data. The comparisons of observed and predicted values are shown in separate tables (Tables 5a and 5b ). Extension of the work is in progress.
Conclusions
The biological activity of the quinazolone system 2 was enhanced with the introduction of the Schiff base moiety; in addition some selectivity of antibacterial effect on Gram-Positive and GramNegative type of bacteria was also noted. The promising effect of such compounds against Multiple Antibiotic Resistant Gram-negative enteric bacteria could lead to the development of new drugs. However, at present the low water solubility of the compounds is the major impediment to achieving lower MIC values.
Experimental
General NMR spectra were recorded in CDCl 3 (unless noted otherwise) on a Bruker Avance 300 MHz FT-NMR spectrometer with a 5 mm BBO probe using tetramethylsilane (TMS) as internal standard. Mass spectra were recorded on a JEOL SX 102/DA-6000 instrument using argon as FAB gas. The acceleration voltage was 10 kV and the spectra were recorded at room temperature; m-nitrobenzyl alcohol was used as the matrix. The IR spectra were recorded on a Shimadzu FT-IR spectrometer in Mujol mulls mounted in potassium bromide discs. The TLC plates used were hand drawn plates with 0.1 mm coating of silicagel G. Reported Rf values correspond to elution with 3:1 benzene-ethyl acetate. The melting points are uncorrected.
General method for the preparation of 3a-j
A mixture of 2 (0.01 mole), the appropriate aromatic aldehyde (0.01 mole) and ethanol (20 mL) was refluxed for 4-6 hours. The resulting mixture was cooled and poured into ice water. The separated solid was filtered, washed with water and recrystallized from ethanol. 
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Antimicrobial activity
Minimum Inhibitory Concentration (MIC) values for all the synthesized compounds against two Gram-positive bacteria (S. aureus 6571 and B. subtilis) and two Gram-negative bacteria (E. coli K12 and S. dysenteriae 6) were obtained by a turbidometric method. The test compound was dissolved in DMF to prepare the stock solution and aseptically filtered through bacterial membrane. The required volume of filtrate was transferred to tubes containing a defined volume of nutrient broth to achieve a desired concentration of the compound. The concentrations of the tested compound were 800, 700, 600, 500, 400, 300, 200, 100, 50, and 25 μg/mL, in comparison with the standard drug ampicillin. The tubes containing nutrient broth were inoculated with 12 hrs old liquid culture (0.1 mL) in duplicate. The tubes were incubated at 37 0 C for 18-24 hrs and the relative growths in the tubes were determined turbidometrically in a photoelectric colorimeter. The OD values, recorded at 530 nm were plotted against concentrations of the test compounds to get the standard curve and the MIC values of the compounds against the test organism were determined.
QSAR calculations
The QSAR study was done on the basis of Principal Component Analysis (PCA) and the best fit regression equations were derived with the use of SPSS-program package for statistical analysis. The descriptors chosen are logP where P is the partition coefficient in n-octanol/water system, MR (molar refractivity contribution of the substituents), Hammett's sigma constants, Verloop's steric parameters and ovality (Ova). For the QSAR calculations only the minimum inhibition concentration (MIC) values obtained form E. coli K12 as Gram negative bacteria B. subtilis as Gram positive bacteria were considered and the molar concentrations were used in the calculations. The 'ovality' values were generated using the software Chemoffice Ultra 2005 (CambridgeSoft) with the use of MOPAC and PM-3 methods of calculation. The logP values reflect the overall lipophilicity of a molecule, a property of major importance in Biochemical applications, and these values were also generated using the same software by fragmentation method using the command 'best estimate'. The values of Hammett's sigma parameters, the Verloop's constants and molar refractivity were obtained from the standard tables [19, 20] .
